Abstract：This paper proposes the used of genetic algorithm for optimizing PI controller and describes the dynamic modeling simulation for the permanent magnet synchronous motor driven by simplified vector control with the aid of MATLAB-Simulink environment. Furthermore, three kinds of error criterion minimization, integral absolute error, integral square error, and integral time absolute error, are used as objective function in the genetic algorithm. The modeling procedures and simulation results are described and presented in this paper. Computer simulation results indicate that the genetic algorithm was able to optimize the PI controller and gives good control performance of the system. Moreover, simplified vector control on permanent magnet synchronous motor does not need to regulate the direct axis component current. This makes simplified vector control of the permanent magnet synchronous motor very useful for some special applications that need simple control structure and low cost performance.
Introduction
allows the system to achieve very high performances when it was tuned optimally.
However, it is difficult to find the optimal gain values without exact motor model including motor 
where The instantaneous electromagnetic torque   is given as equation (3), and it is finally derived as equation (4) considering that the direct axis current is set to be zero in PMSM.
The relation between inertia and motor speed is:
where   ,   , , and   are motor inertia, friction coefficient, the number of pole, and load torque respectively.
Simplified vector control of PMSM
In FOC, PMSM is supplied by three phase ac voltage(-phase) which will be transformed into shown on equation (6) and reduced into equation (7) when    is set to be zero 7) .
Where   is the rotor angular position. 3. GA and design of PI controllers
Genetic algorithm
Basically, GA has three main operators:
selection, crossover, and mutation. The application of these three operators allows the algorithm to create new individuals which may be better than their parents. This algorithm is repeated for many generations until acquire individuals that represent the optimal solution of the given problems.
Types of selection operator are roulette, tournament, top percent, and best selection.
Crossover occurs during evolution according to a user-definable crossover probability, which usually modeled as a fixed value. Mutation occurs during evolution according to a certain mutation probability. Although the mutation operator is the only mechanism for directly generating new schema, the mutation probability should generally be set to a fairly low value. The following is the general types of mutation: flip bit, boundary, non-uniform, uniform, and Gaussian.
Design of PI controllers by genetic algorithm
GA optimization technique is proposed in this Population size is decided by the designer.
Set the initial population as the first generation.
In the end of the first generation, select the individuals which have minimum fitness value of the objective function and make this individual as the parents for next generations. The roulette wheel method is used for the selection method in this step which expressed in equation (11).
Where   is the probability of the individual  being selected.   is the fitness value for the individual .  is population size.   is the total fitness value from the population.
Reproduction is applied to the next step.
Crossover and mutation are applied in the reproduction process.
a. Crossover is the process of finding solutions of individuals to the objective function. Arithmetic crossover is used in the process and expressed in equation (12).
Where   is offspring number .   is parent number .  is the crossover probability ( ≤  ≤ ).
b. Mutation takes a secondary role in reproduction. Flip bit mutation is used in this process. The mutation operator simply inverts the value of the chosen gene.
The process is repeated until reach maximum generation or the GA find the optimal gain from the optimal fitness value. Table 1 shows the detail parameters of the GA that used in the optimization process. The PMSM parameters and design specifications of the PMSM simplified vector control are described on Table 2 and Table   3 respectively. These design requirements are set as the constraints and processed simultaneously in the GA program. Table 5 . From the simulation results, the GA technique was able to decide three PI controllers gain simultaneously. Furthermore, the PMSM simplified vector control with GA-PI controllers were giving good control performance and satisfying the design specification. The GA technique was making the gain decision simpler and more efficient without involving complex calculation.
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